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ABSTRACT 


The  results  of  the  drop  size  sample  study  indicate  that 
volumes  of  about  50  m3  are  necessary  to  estimate  rainfall  rate 
and  radar  reflectivity  to  10  percent  accuracy  with  95  percent 
confidence.  One-cubic-meter  samples  are  sufficiently  large 
that  rainfall  rate-radar  reflectivity  relationships  can  be 
reliably  determined.  The  sample  size  variances  contribute 
about  10  percent  of  the  logarithmic  scatter  around  the  re- 
gression line. 

Analysis  of  drop  size  data  from  Indonesia  yielded  a 
reflectivity  rate  relationship  similar  to  that  from  Miami, 
Florida  data  but  with  less  scatter.  Five-minute  rainfall 
rate  frequencies  from  Indonesia  were  also  similar  to  those 
from  Florida. 
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SAMPLE  SIZE 


In  order  to  better  assess  the  accuracy  of  radar-rainfall  re- 
lationships, a study  of  effects  of  sample  size  in  the  drop  size 
distribution  was  initiated.  Two  objectives  of  this  study  were  to 
determine  the  size  of  volume  necessary  to  adequately  describe 
the  drop  size  distribution  and  to  determine  the  uncertainty  in- 
herent in  all  previous  drop  size  data  which  was  collected  using 
one  cubic  meter  samples.  Addressing  the  latter  problem  first, 
if  a measure  of  the  variance  of  the  rainfall  rate  and  radar 
reflectivity  for  a one-cubic-meter  sample  can  be  determined  and 
if  the  scatter  of  points  around  the  regression  line  of  reflec- 
tivity of  rainfall  rate  is  normally  distributed,  a technique 
exists  for  removing  the  scatter  due  to  sample  size.  The  re- 
maining scatter  then  becomes  an  estimate  of  the  best  accuracy 
in  a radar  measurement  of  rainfall  rate.  This  portion  of  the 
problem  has  been  solved  subject  to  the  assumption  of  normally 
distributed  scatter  of  the  points  around  the  regression. 

The  size  of  the  volume  necessary  to  be  sampled  for  a mean- 
ingful drop  size  distribution  varies  with  the  criteria  for  an 
adequate  sample.  The  rainfall  rate  and  radar  reflectivity  cal- 
culated from  the  drop  size  distribution  have  been  used  to 
characterize  a distribution.  The  size  of  volume  necessary  to 
sample  a distribution  so  that  the  calculated  rate  and  reflectivity 
are  obtained  to  a specified  accuracy  has  been  determined. 
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Data  Collection 


To  provide  the  data  for  this  study  two  raindrop  cameras  were 
operated  in  close  proximity  and  at  as  rapid  a rate  as  possible. 

In  this  way  there  was  some  assurance  that  the  same  parent  popu- 
lation of  drop  size  spectra  was  being  sampled.  Each  picture  or 
frame  represents  nearly  1/7  cubic  meter  of  space.  The  images  of 
drops  on  each  frame  were  measured  and  a distribution  obtained  for 
each  1/7  cubic  meter.  From  this  spectrum,  the  rainfall  rate  and 
radar  reflectivity  were  calculated.  The  spectrum  can  be  character- 
ized by  these  two  variables  and  if  the  accuracy  of  the  reflectivity- 
rate  relationship  is  of  prime  importance,  the  accuracy  of  these 

3 

statistics  is  sufficient.  There  were  8m  of  sample  volume 
obtained  for  each  minute.  The  cameras  were  operated  during  the 
summer  of  1964  and  1965  on  the  East  Central  Illinois  raingage 
network# 

Preliminary  Data  Processing 

Eight  minutes  of  data  from  the  two  cameras  were  grouped  to- 
gether to  produce  448  individual  1/7  m3  samples  or  64  m3  in  all. 
There  were  17  such  groups.  Considerably  more  data  was  collected 
but  the  restrictions  of  a group  to  an  8-minute  sequence  reduced 
the  number  of  useable  groups  to  17. 

The  analysis  was  performed  with  and  without  a logarithmic  con- 
version. Logarithmic  conversion  is  desirable  when  interpreting 
the  results  on  a logarithmic  regression  of  R on  Z.  The  natural 
numbers  were  used  to  compare  the  effects  of  the  transformation  and 
to  estimate  the  volume  necessary  for  accurate  R and  Z values. 
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This  volume  is  related  to  the  natural  variability  of  raindrops  in 
space. 

During  any  eight- minute  period,  there  is  a high  probability 
that  there  will  be  rainfall  rate  changes.  This  increases  the 
variance  of  the  sample  and  is  not  attributable  to  sample  size. 
Therefore,  the  effects  of  time  varying  rate  should  be  compensated. 
A number  of  methods  were  investigated  and  finally  the  choice  was 
to  treat  each  minute  of  data  from  each  camera  individually.  If 
the  variable  of  interest  is  denoted  by  X,  a regression  of  X on 
time  and  a mean  X for  the  28  points  were  obtained. 


be  the  regression  line  and  the  mean  obtained.  Provided  that  the 
logarithmic  transformation  was  not  used,  a transformation  of  the 
individual  values  X^  to  new  values  of  was  performed  according 


Thus,  the  variables  represent  the  deviations  of  the  individual 
measurements  from  the  time  regression  line  measured  in  units  of 
the  mean.  The  value  of  1 was  added  to  the  expression  to  adjust 
the  mean  of  Y to  one.  It  does  not  effect  the  variance  of  Y. 
Initially,  a group  of  variables  which  did  not  exhibit  high  time 
correlation  were  to  be  transformed  by  changing  units  to  units  of 
the  mean  of  the  sample.  This  would  produce  a mean  of  the  trans- 
formed sample  of  one.  To  make  the  two  transformations  compatible,, 


Let 


and 


to 
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one  is  added  to  the  time  trend  corrected  transformation.  After 
processing  some  data  it  was  noted  that  if  the  time  correlation  was 
low  the  same  results  were  obtained  by  both  transformation  schemes. 
Since  the  decision  as  to  when  the  time  correlation  is  significant 
is  an  arbitrary  one,  the  data  was  all  processed  using  the  time  re- 
gression method.  In  order  to  assess  the  value  of  the  removal  of 
time  from  the  variance  of  one-frame  samples,  the  storm  of  July  25  3 
1964  was  analyzed  separately.  There  were  14  minutes  in  which  the 
rainfall  rate  had  a time  correlation  coefficient  less  than  0.3. 

The  average  variance  for  this  group  was  0.1372  with  individual 
values  of  variance  running  between  0.079  and  0.205.  There  were 
10  points  for  which  time  trend  correction  was  made.  The  average 
variance  was  reduced  from  O.I89  to  0.146  by  the  time  trend  re- 
moval. The  range  of  variances  for  the  non-corrected  group  was 
0.091  to  0.319  and  for  the  corrected  group  0.079  to  0.210.  It 
does  not  appear  that  removing  the  time  variance  is  adversely  af- 
fecting the  residual  variances.  Periods  in  which  no  trend  could 
be  noted  were  still  less  variable  than  the  time  trend  removed 
period . 

It  was  noted  in  Interim  Report  No.  2,  that  the  variance  when 
measured  in  units  of  the  mean  are  essentially  constant  with  respect 
to  rainfall  rate.  This  is  to  say  that  the  chance  of  estimating  a 
1.0  mm/hr  rate  as  1.4  mm/hr  are  the  same  as  estimating  a 100  mm/hr 
rate  as  140  mm/hr.  Since  the  logarithmic  difference  between  these 
numbers  is  also  constant,  it  is  not  necessary  or  desirable  to 
measure  logarithmic  deviations  in  units  of  the  mean.  The  trans- 
formation on  all  logarithmic  variables  was 
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After  these  transformations  had  been  made  on  the  individual  one 
minute  samples,  a group  of  eight  minutes'  data  from  both  cameras 
were  combined  to  produce  a 448  row  observational  matrix. 

Since  both  the  rate  and  reflectivity  are  linear  combinations 
of  the  drop  size  spectra,  one  may  average  the  rainfall  rates  of 
two  samples  instead  of  averaging  the  distribution  and  recalculating 
a new  rainfall  rate.  Thus,  to  determine  the  results  of  a sample 
volume  of  2/7  m3 , a new  data  matrix  can  be  formed.  The  terms  of 
the  new  matrix  are  related  to  the  original  matrix  by 

bn - + _fot,  n = 1,2,3, •••,224- 


This  procedure  mixes  the  sample  considerably  as  the  two  portions 


a_  and  a , do  not  arise  from  the  same  minute  or  even  neces- 
n n+224 

sarily  the  same  camera.  A combination  scheme  where 

^ ^ zy\-  l 


O Y' 


n=  1,2, 3,  •••,224 


was  also  investigated.  The  latter  combination  does  not  change  the 
variances  of  the  2/7  rn3  sample  significantly.  The  former  technique 
was  more  easily  programmed  for  larger  combinations  and  was  used 
throughout. 

To  achieve  the  larger  sampling  volumes,  combinations  of  the  1- 
frame  samples  were  made  using 


*4N- 


where  N = 2,4,7,  H ,28, 
and  Y\  = 


i-w 


> » > 


As  was  pointed  out  in  Interim  Report  No.  2,  when  the  volume 
is  larger  than  4/7  m3  the  observational  points  tend  to  distribute 
normally. 
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Results  for  Size  of  Sample 


Figure  1 is  the  result  of  this  analysis  for  the  17  groups  of 
data  and  with  rainfall  rate  as  the  statistic  of  interest.  The 
two  extreme  curves  are  plotted  on  this  figure  along  with  one-half 
of  the  remaining  groups.  As  expected  the  sample  variance  reduces 
as  the  sample  volume  increases.  The  decrease  follows  approximately 
an  inverse  law.  Since  the  populations  tend  to  normality  for  sample 
volumes  larger  than  0.5  m3 , this  result  is  to  be  expected.  The 
average  variance  of  the  one-cubic-meter  sample  is  0.137.  This 
can  be  interpreted  that  a spectrum  determined  from  aim3  sample 
will  estimate  the  rainfall  rate  to  within  + 70  percent  of  the  mean 
value,  90  percent  of  the  time.  It  should  be  noted  that  the  mini- 
mum variance  curve  on  Figure  1 happened  to  be  the  first  storm 
analyzed  and  was  reported  on  in  the  previous  interim  report.  The 
values  reported  in  that  report  must  be  considered  as  over  op- 
timistic when  the  remainder  of  the  data  is  considered. 

Since  the  variances  decrease  inversely  as  the  volume  sampled, 
the  average  variance  for  any  sample  greater  than  8 m3  can  be 


estimated  by 


R = 


0.096 

V 


where  V is  the  volume  sampled  in  m3 . To  obtain  an  estimate  of 
the  rainfall  rate  which  would  be  within  + 10  percent  of  the  "true" 
value  95  percent  of  the  time,  would  require  a sample  of  43.6  m3. 

A volume  of  this  size  is  certainly  difficult  to  sample  using  known 
drop  sizing  techniques  but  the  radar  samples  a much  larger  volume 
easily. 
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Figure  1.  Variance  of  Rainfall  Rate  with  Sample  Size 


Similar  results  have  been  obtained  for  the  radar  reflectivity. 
Figure  2 shows  the  same  groups  as  plotted  in  Figure  1.  The  total 
variance  for  any  particular  sample  size  is  always  greater  for  the 
reflectivity  than  for  the  rate.  This  is  due  to  the  higher  sensi- 
tivity of  the  reflectivity  to  sampling  error.  The  equation  re- 
lating the  variance  of  reflectivity,  Z,  to  sample  size  is 


-r  0. 192 


Thus,  to  attain  the  same  level  of  confidence  twice  as  large  a 
volume  is  necessary  to  estimate  Z. 

Reduction  of  Regression  Variances 

The  most  important  aspect  of  this  study  was  to  assess  the  ef- 
fects of  sample  size  error  on  the  probable  error  of  the  reflectivity- 
rate  relationship.  The  errors  in  the  measurement  of  individual 
R-Z  data  points  can  be  attributed  to  a number  of  causes.  Some  of 
these  are  sample  volume  error,  optical  error  such  as  poor  focus 
or  drops  drifting  too  far  into  tunnels,  measuring  error,  and 
error  due  to  changing  meteorological  conditions.  Due  to  the  ob- 
servable large  changes  in  drop  size  distributions,  it  had  been 
assumed  that  of  these  errors  the  error  due  to  inadequate  sample 
volume  would  be  large  compared  to  the  other  errors.  As  the  cal- 
culations proceeded  the  size  of  variances  obtained  from  the  sample 
size  data  tended  to  support  this  hypothesis  when  only  one  variable 
was  considered.  It  was  noted  that  the  R and  Z errors  were  not 
in  fact  independent  and  more  powerful  statistical  techniques  were 
needed  to  evaluate  the  results . A brief  review  of  the  methods 
are  presented  and  for  a more  detailed  and  complete  exposition  the 
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SAMPLE  SIZE, 


reader  is  referred  to  Acton.*  The  method  used  is  similar  in 
nature  to  that  which  Acton  calls  "The  99.^  Percent  Pure  Extractor." 

The  problem  becomes  one  of  estimating  in  a large  sample  how 
much  of  the  variance  around  the  regression  line  is  likely  to  be 
contributed  by  the  probable  error  in  the  measurements  of  R’  and 
Z’ . The  primes  denote  common  logarithms  of  the  variables.  The 
logarithmic  transformation  permits  straight  line  approximation  of 
the  regression  line.  The  scatter  of  points  after  the  logarithmic 
transformation  appear  to  be  equal  for  all  values  of  the  independent 
variable  Z' . This  property,  called  homoscedasticity,  is  necessary 
for  this  method  to  be  reliable.  Unfortunately  there  are  few  if 
any  critical  tests  for  this  property  and  in  this  case  none  have 
been  performed.  Examination  of  plotted  R'  -Z'  graphs  and  the 
qualitative  observation  that  the  scatter  does  not  vary  with  Z'  has 
been  performed.  Another  assumption  necessary  for  the  proper  ap- 
plication of  this  theory  is  that  the  scatter  around  the  regression 
line  is  normally  distributed.  This  assumption  can  be  replaced 
by  at  least  two  others  which  will  affect  the  results.  The  alter- 
native assumptions  which  can  be  handled  with  present  theory  are 
that  if  sufficiently  accurate  R*  - Z*  measurements  had  been  made, 

(1)  the  points  would  all  be  on  a line  or  (2)  the  points  would  lie 
on  a quadratic  line.  The  first  assumption  is  obviously  incorrect. 
For  if  this  were  so,  all  of  the  scatter  of  points  would  have  to  be 
ascribed  to  measurement  error.  Then  estimates  of  the  measurement 

* 

Acton,  F.  S.,  Analysis  of  Straight  Line  Data,  John  Wiley  & Sons, 

New  York  1959 
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error  by  the  results  of  an  R1  - Z‘  regression  and  from  the  changing 
volume  should  be  equal.  Since  this  is  not  true,  this  assumption 
has  been  discarded.  The  second  assumption,  namely  the  quadratic 
underlying  assumption,  may  in  some  cases  of  drop  size  data  be  rea- 
listic. Usually,  however,  there  is  very  little  data  to  support 
any  bending  of  the  R'  - Z'  line.  Unfortunately  the  scatter  of  points 
around  the  R'  - Z'  line  do  not  distribute  strictly  normally.  With 
a sample  from  a data  location,  such  as  Miami,  with  2400  data  points 
the  distribution  is  not  normal.  This  is  indicative  that  nature 
produces  the  same  rainfall  rate  using  a variety  of  distributions  and 
there  is  not  a tendency  for  one  type  to  predominate.  Despite  the 
inadequacy  of  this  assumption,  it  is  invoked  for  this  study. 

The  statistical  measure  of  the  scatter  of  points  around  the 
regression  is  the  standard  error.  The  square  of  this  term  is 
the  variance  of  the  deviations  around  the  regression  line.  For 
example  this  variance  ranged  from  0.0161  to  0.0353  for  the  Miami 
drop  size  data  when  synoptic  sorting  was  performed.  The  non- 
stratified  data  had  a variance  of  0.0392.  One  may  be  tempted 
to  examine  the  variance  of  R1  for  the  one  cubic  meter  sample 
and  expect  that  this  variance  can  be  substracted  from  the  variance 
around  the  regression  line  to  leave  the  unexplained  variance. 

The  average  variance  of  R1  for  one  cubic  meter  sample  is  0.0612. 

This  would  result  in  a negative  variance  of  considerable  size. 

The  difficulty  that  is  made  obvious  by  this  excercise  is  that  the 
sampling  error  of  R'  is  correlated  with  the  sampling  error  of  Z'. 
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Since  both  of  these  parameters  have  been  computed  from  the  drop 
size  distribution,  it  is  not  surprising  that  such  correlation 
exists.  Qualitatively,  the  correlation  of  errors  of  R'  and  Z* 
tend  to  be  such  that  if  a line  is  passed  through  the  subgroup 
of  R»  and  Z'  points  from  the  sample  size,  the  line  would  be  nearly 
parallel  to  the  R'  and  Z'  regression  line.  In  other  words  a part 
of  sampling  error  is  not  reflected  in  scatter  around  the  regres- 
sion line.  To  determine  the  amount  of  the  error  variance  which 
contributed  to  the  scatter,  the  following  technique  may  be  used. 
This  technique  consists  of  variable  transformation  by  axis  rotation 
such  that  the  error  variances  are  no  longer  correlated.  At  the 
same  time  the  regression  line  must  be  transformed  and  the  variances 
around  the  new  line  determined. 

A variable  transformation  of  the  following  form  is  applied 
to  the  data: 

v - y - b0x 
u.sy-Cptb.'jx 

where  b0  is  the  regression  coefficient  of  the  data 


- 5‘  - b. 


where  r = correlation  coefficient  of  errors  in  R’  and  Z> 

Sv,  = the  error  variance  of  Z* 
sS^-  = the  error  variance  of  R1 

In  the  transformed  u and  v variables  the  error  terms  are  uncorre- 
lated and  an  estimate  of  the  relative  importance  of  the  error 
variance  can  be  made.  Table  1 shows  the  results  of  this  analysis 
for  a number  of  locations  and  separations. 
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COMPARISONS  OF  VARIANCES  OF  R'  - Z'  REGRESSION 
AND  VARIANCES  ATTRIBUTABLE  TO  SAMPLE  SIZE 
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Examination  will  reveal  that  the  contribution  to  the  total 


variance  by  the  variance  of  the  sample  size  is  small.  In  general, 
only  about  10  percent  of  the  total  variance  can  be  attributed  to 
sample  size  when  a one-cubic-meter  sample  of  drops  was  obtained. 

In  one  sense  this  is  encouraging  in  that  the  samples  that  have 
been  obtained  appear  to  be  quite  adequate  in  terms  of  the  volume 
sampled  to  determine  realistic  estimations  of  the  R*  - Z' 
relationship.  On  the  other  hand  the  magnitude  of  the  remaining 
variances  is  larger  than  might  be  desired  for  reliable  estimation 
of  rainfall  rate  from  a radar.  The  last  two  columns  show  the 
90  percent  confidence  limits  of  the  estimated  limits  of  accuracy 
of  the  rainfall  rate  measurement  from  a single  reflectivity  mea- 
surement with  the  radar.  Although  these  limits  as  calculated 
appear  to  be  non- symmetric , they  are  symmetric  after  the  logarithmic 
transformation.  Thus,  the  error  in  a single  radar  measurement 
will  be  confined  to  within  43  percent  low  to  73  percent  high  90 
percent  of  the  time.  These  limits  appear  quite  large,  but  about 
the  same  size  that  has  been  frequently  observed  with  a radar  set. 
Since  the  scatter  does  appear  to  be  quite  random,  the  total  storm 
amount  predicted  by  a radar  may  well  be  much  more  accurate  as 
averaging  of  this  random  error  would  take  place.  However,  since 
the  scatter  appears  more  symmetric  after  logarithmic  transformation, 
there  will  be  some  bias  in  the  time  integrated  rates  or  amounts . 

ANALYSIS  OF  B0G0R,  INDONESIA  DATA 
All  of  the  Indonesia  drop  size  data  were  used  in  a calculation 
of  an  R-Z  relationship  which  may  be  useful  in  other  similar  areas 
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in  Southeast  Asia.  No  stratification  of  this  data  has  been  at- 
tempted. The  overall  relationship  was  found  to  be 


using  a logarithmic  least  squares  fit  with  Z as  the  independent 
variable.  This  is  quite  similar  to  the  "all  data"  relationship 
for  Miami,  Florida,  which  was  found  to  be  Z = 286  R 1*43.  Figure  3 
shows  the  R-Z  points  from  the  Indonesia  data.  The  scatter  of 
points  is  somewhat  less  than  the  scatter  of  points  for  Miami  even 
though  the  relationship  is  similar.  The  standard  error  of  estimate 
is  0.147  for  Indonesia  and  0.198  for  Miami. 

The  raingage  data  obtained  in  Indonesia  while  the  drop  camera 
was  there  have  been  analyzed  for  frequency  of  5-minute  amounts. 

A frequency  distribution  of  rates  calculated  from  the  5-minute 
amounts  is  plotted  in  Figure  4.  A total  of  135  hours  of  rain  of 
rates  equal  to  or  greater  than  0.12  inches  per  hour  is  included 
in  the  frequency  distribution.  These  data  were  obtained  during  a 
period  of  approximately  17  months  from  31  October  1959  through 
11  April  1961.  A small  amount  of  data  was  missed  during  this  period, 
due  to  gage  malfunctions  and  other  reasons. 


The  data  from  New  Jersey  and  North  Carolina  have  been  care- 
fully edited.  Some  dates  and  times  have  been  found  to  be  in  error 
as  indicated  by  the  logs  and  raingage  traces;  these  errors  have  been 
corrected. 


ANALYSIS  OF  NEW  JERSEY  AND  NORTH  CAROLINA  DATA 
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Figure  3.  RAINFALL  RATE  - RADAR  REFLECTIVITY  SCATTERGRAM  FOR  INDONESIA  DATA 
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Figure  4»  Frequency  of  Rainfall  Ratea  Based  on  5-minute 
Amounts  from  Bogor,  Indonesia 
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Synoptic  types  have  been  determined  for  these  stations.  Also, 
instability  indices  have  been  calculated  from  radiosonde  observations 
taken  in  the  vicinity  of  the  cameras.  This  required  reprogramming 
of  the  computer  program,  since  the  program  previously  used  was  for  a 
computer  not  now  available.  The  New  York  City  soundings  have  been 
used  in  conjunction  with  the  New  Jersey  data.  Both  Greensboro, 

North  Carolina  and  Athens,  Georgia  soundings  have  been  analyzed  for 
use  with  the  North  Carolina  data.  The  stability  indices  and  the 
synoptic  types  will  be  added  to  the  drop  data  cards.  Separation  of 
the  data  by  these  parameters  will  be  performed  and  reflectivity-rate 
relationships  determined. 

DROP- SIZE  DATA  REPORTS 

Preparations  of  bound  publications  which  summarize  the  raindrop 
distributions  for  all  locations  sampled  are  underway.  Research 
Report  No.  9B,  dated  June  1962,  is  an  example  of  the  type  of  data 
to  be  presented,  this  report  being  for  the  Miami,  Florida  data. 

Since  at  some  of  the  locations,  particularly  North  Carolina,  much 
more  data  was  obtained  than  at  Miami,  other  report  formats  are  being 
examined.  If  the  approximately  4800  samples  from  North  Carolina 
were  to  be  printed  as  in  Report  9B,  a report  measuring  8£  by  14 
inches,  and  1.4  inches  thick  would  be  required,  a report  of  some  535 
pages.  Therefore,  it  is  proposed  that  the  data  be  printed  out  in 
such  a format  that  the  output,  after  being  reduced  about  h,  will 
fit  on  an  8£  x 11  inch  page.  Such  a format  would  require  only  150 
pages  for  North  Carolina,  so  that  the  report  would  have  a thickness 
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of  only  3/8  in.,  about  half  the  thickness  of  Report  9B.  The 
other  locations  would  require  proportionately  thinner  reports, 
as  the  numbers  of  samples  are  less. 

A computer  program  has  been  written  for  printing  out  this  data. 
By  using  the  computers,  rather  than  the  tabulating  machine  used  on 
Report  9B,  it  has  been  possible  to  use  a format  for  the  summary 
and  distribution  data  in  which  many  of  the  parameters  are  labeled, 
making  it  easier  to  locate  desired  items  of  information.  A pre- 
liminary sample  of  the  printed  output  is  shown  in  Figure  5.  In 
this  example  the  date  and  time  are  easily  identifiable.  Synoptic 
type  will  remain  as  coded  numbers  but  the  second  column  after 
time,  rain  type,  will  be  changed  to  either  R,  RW,  or  TRW.  The 
radar  reflectivity,  rainfall  rate,  radar  attenuation,  liquid  water 
content,  median  volume  diameter,  and  total  concentration  are  each 
identified  by  the  letters  Z,  R,  Q,  L,  DL,  and  NT3 respectively. 

The  numbers  of  drops  follow  in  0.1  mm  intervals.  The  second  and 
third  lines  will  be  printed  only  if  there  is  one  or  more  non-zero 
entries.  It  is  felt  that  the  newer  format  will  be  easier  to  use 
as  well  as  considerably  less  expensive  than  the  method  used  in 
Report  9B. 


INTERMEDIATE  RANGE  RA INGAGE  NETWORK 

The  15  raingages  to  be  furnished  under  this  contract  have  been 
received.  Mounting  bases  for  these  gages  are  being  fabricated.  Site 
selection  and  installation  of  gages  will  be  done  in  April. 
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Figure  5„  Sample  Page  from  Planned  Raindrop  Data  Reports 
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The  network  is  to  be  established  in  an  area  approximately  75 
miles  from  the  radar,  near  Kankakee,  Illinois,  and  will  be  known 
as  the  Kankakee  Raingage  Network.  Other  networks  are  already 
in  operation  at  25  to  35  miles  and  at  approximately  150  miles. 

With  the  addition  of  this  new  network,  areal  radar  and  rainfall 
measurements  can  be  obtained  from  three  ranges,  making  it  possible 
to  determine  the  accuracy  of  radar-rainfall  measurements  as  a 
function  of  range. 


CONCLUSIONS  AND  RECOMMENDATIONS 

The  volume  sample  size  study  has  been  completed.  The  results 
of  this  study  indicate  that  the  one-cubic-meter  volume  of  sample 
used  in  past  data  collections  is  adequate  for  proper  determination 
of  the  rainfall  rate-radar  reflectivity  relationship.  Only  about 
10  percent  of  the  variance  in  the  relationship  can  be  properly 
attributed  to  the  size  of  the  volume  sampled.  The  study  also  in- 
dicates that  a relatively  large  volume  of  natural  rainfall  must 
be  sampled  to  reliably  estimate  the  value  of  rainfall  rate  or  re- 
flectivity from  a drop  size  spectrum.  The  natural  variability  of 
raindrops  requires  samples  on  the  order  of  50  m3  to  estimate  the 
parameters  to  within  10  percent  of  the  mean  95  percent  of  the  time. 

The  Indonesia  data  has  been  examined  and  a reflectivity-rate 
relationship  determined.  Of  the  areas  sampled  with  a drop  camera 
climatic  conditions  in  Indonesia  most  nearly  approximate  the  climate 
of  South  Viet  Nam^  this  relationship  is  recommended  for  any  radar 
weather  work  performed  in  that  area.  An  analysis  of  frequency  of 
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rainfall  rates  from  the  raingage  was  performed.  This  data  provides 
some  estimate  of  the  importance  of  rain  attenuation  under  these 
climatic  conditions. 

The  dropsize  data  from  New  Jersey  and  North  Carolina  have  been 
edited  and  typed  with  respect  to  thermodynamic  instability  and 
synoptic  types.  This  completes  the  typing  for  all  drop  size  data 
that  can  be  typed. 

A format  for  the  data  printouts  has  been  designed  and  it  is 
recommended  for  use  in  the  data  printouts  which  will  be  performed. 
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